INTRODUCTION
The nutritional management of the Iberian (IB) pig includes a final fattening period in a Mediter ranean ecosystem where the freerange animal con sumes acorns as the main ingredient of its daily al lowance complemented with pasture once the pig has reached 92 to 115 kg BW. This extensive fattening phase is required to provide fresh or cured products with highly valuable sensory attributes. However, Effects of protein intake on rate of growth, protein deposition, and carcass traits of heavy Iberian pigs 1 R. Nieto, M. Martínez-Pérez, 2 A. Haro, L. Lara, and J. F. Aguilera 3
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Sixteen purebred IB barrows (103.9 ± 0.9 kg initial BW) were used. The pigs were individually confined and allocated to 4 groups of 4 pigs each. Whole acorns were provided with slight restriction to minimize acorn kernel (AK) remains. Water was freely available. The incorporation of SPC raised the available CP from 49.1 g/kg DM (1.91 g total Lys/kg DM) in AK up to 135 g/ kg DM (7.24 g total Lys/kg DM). After 72 d of trial, the pigs achieved 134.4 ± 1.3 kg BW and were then slaughtered. Average daily BW gain increased with increasing dietary CP (linear, P < 0.001; quadratic, P < 0.01), with a plateau at dietary CP concentrations (provided by AK and SPC) beyond 72.2 and 100 g/ kg DM, respectively, for which an ADG of 449 g was achieved. There was a linear and quadratic effect of dietary CP and Lys level on the apparent digestibility of CP (linear, P < 0.001; quadratic, P < 0.05) and on the efficiencies of utilization of total N (retained N/N intake; linear, P < 0.001; quadratic, P < 0.001) and N apparently absorbed (retained N/apparent digest ible N; linear, P < 0.05; quadratic, P = 0.067). Protein deposition ranged between −4.59 g/d in pigs not pro vided with SPC to 61.4 g/d in pigs fed the greatest level of SPC inclusion. The lowest daily intake of total Lys resulting in maximum PD (69.5 g/d) at the fixed level of energy intake observed (2.36 × ME mainte nance requirements) was 21.0 g. Hot carcass and cold carcass weights, but not carcass yield, increased when feeding the daily ration containing 100 g SPC and leveled off thereafter (linear, P < 0.01; quadratic, P < 0.01). An average increase of 8.3% and 8.7% was obtained, respectively. The provision of SPC had no effect on back fat thickness. Primal cuts, but not yield (except for loin), increased (sirloin: linear, P < 0.05; loin: linear, P < 0.001; quadratic, P < 0.05; ham: lin ear, P < 0.05) or showed a tendency to increase (butt lean: linear, P = 0.068; quadratic, P = 0.077; ribs: qua dratic, P = 0.067; shoulder: quadratic, P = 0.064) with the provision of dietary protein. No effect of the level of incorporation of SPC to the diet was observed on CP, total fat, total ash, and energy contents or on rela tive fatty acid profile of loin and sirloin.
protein available to the ranging animal is in short sup ply. Within the genus Quercus, the holm oak (Q. ilex rotundifolia) is the main species in the Mediterranean forest (86.1% of woodland surface, average yield of 190 to 700 kg acorn· ha −1 ·yr −1 ; Laguna Sanz, 1998) . This fruit, which is very palatable to the pig, has a low protein content, although it is rich in fat and starch and therefore has a high energy density. In previous papers (Nieto et al., 2002; GarcíaValverde et al., 2007) aver age values of 27.9 to 30.8 g true digestible protein and 16.63 to 17.55 MJ ME/kg DM for the holm oak acorn kernel (AK) have been reported. Also, AA profile in dicated that Lys was the first limiting AA, providing only 25.8 g of available Lys per kilogram of acorn protein (Nieto et al., 2002) . At the dehesa, native pas ture yield is always low, 1,440 kg DM/ha, on aver age, and is linked to rainfall (Olea et al., 1990 (Olea et al., -1991 . RodríguezEstévez et al. (2009) , following a direct in situ approach, measured grass consumption by free ranging IB pigs and reported values in the range of 10.1% to 13.5% acorn intake (DM). García-Valverde et al. (2007) observed that the intake of herbage im proved the N balance to attain a positive body protein accretion. However, the relative consumption of acorn and herbage achieved (780:220) failed to overcome the shortage in dietary protein supply. The present ex periments were done to examine the effects of increas ing levels of protein supply at a fixed energy intake on growth, protein deposition (PD), and carcass traits of heavy IB pigs fed on acorns under confined conditions.
MATERIALS AND METHODS
The experimental protocol was reviewed and ap proved by the Bioethical Committee of the Spanish National Research Council (CSIC), and pigs were cared for following the Spanish Ministry of Agricul ture guidelines (RD 1201/2005; Ministerio de la Presi dencia, 2005).
Animals, Experimental Design, Diets, and Feeding
A feeding, digestibility, and balance trial was per formed in 16 purebred IB barrows of Silvela strain. The pigs were supplied by Sánchez Romero Carvajal Jabugo, S.A. (El Puerto de Santa María, Cádiz, Spain), the same breeding company used in the experiments of García-Valverde et al. (2007 , 2008 . On arrival, all the pigs were weighed, housed in groups, and offered a conventional diet (160 g CP, 8.5 g Lys, 13.2 MJ ME/ kg) at 2.5 × ME requirements for maintenance (ME m ), fixed at 413 kJ·kg −1 BW 0.75 ·d −1 (Nieto et al., 2012) . When the pigs reached 97 ± 3 kg BW, this diet was pro gressively replaced by whole acorn. Finally, the pigs were individually housed in pens (5 m 2 ) located in a controlled-environment room (18°C ± 2°C) and then were randomly assigned to 4 homogeneous groups of 4 pigs each and individually confined throughout the study. Each group was offered 1 of the experimental diets. The diets consisted of whole acorns, provided at a slight restriction to minimize AK remains, and a protein concentrate. Within diets, whole acorns were partly replaced isoenergetically by increasing amounts of soybean protein concentrate (SPC) to obtain dietary protein to energy ratios in a range that could ensure a surplus of protein supply. A vitaminmineral mixture was also incorporated into the daily diet (Table 1) . Wa ter was freely available from nipples, and pigs were exposed daily to 12 h of light.
At the beginning of December of 2011 and January of 2012, 2 batches of approximately 3,000 kg each of acorns from holm oak trees were collected in Granada 3 Total N content in acorn hulls is assumed to be zero due to its complete unavailability (Nieto et al., 2002) .
de Riotinto (Huelva), southwestern Spain, bulked, and sent to our laboratory. They were roughly cleaned of extraneous material (branches, leaves, soil, and acorn cups) and spread on the ground of a ventilated room at 10°C to 14°C. Acorns from batch 1 were used during the first 34 d of the trial and then were replaced by acorns from batch 2 to the end of the study. The nutrient com position of the acorns and of SPC is shown in Table 2 .
Measurements
Feed consumption, BW gain, feed efficiency, total tract apparent digestibility (TTAD) of nutrients and GE, and N balance were measured. When the measurement period started, the pigs were 10 mo old and weighed 103.9 ± 0.9 kg. Every day, the SPC was offered mixed with the vitaminmineral mixture once leftovers from acorns offered the previous day had been removed. To allow total consumption of the mixture, whole acorns were given 30 min later. Any amount of the mixture that was not consumed was collected, weighed, and kept for analysis to calculate SPC actually ingested. A slight restriction in the acorn allowance was practiced. The feed allowance was kept unchanged up to the end of the study, when the pigs achieved 134.4 ± 1.3 kg BW. The whole trial lasted 72 d. The first phase of the feed ing period was followed by the digestibility measure ments, which took place in 2 trial replicates initiated on d 42 and 49 of the feeding phase with 2 pigs per dietary treatment. For the digestibility and balance experiments, the pigs were individually moved to metabolic cages in an environment of 20°C ± 2°C to allow individual col lection of feces and urine. The pigs were moved to the cages 2 d before starting excreta collection. Total col lection of feces and urine was performed daily for 5 d. Aliquots were kept at −20°C until analysis. Urine was collected into 50mL 4 M H 2 SO 4 . Throughout the dif ferent steps of the trial aliquots of acorns and SPC were taken daily and kept in closed plastic containers at 4°C ± 1°C to obtain final composite samples for analysis. Acorn hulls (AH), with some remains of kernel mate rial, were removed daily from the trough, weighed, and stored at −20°C for analysis. At the end of the digest ibility and balance experiment, a composite sample of feces and urine was obtained for the whole collecting period. On d 49 to 56 the pigs returned to the 5 m 2 in dividual boxes, where they remained during a second phase of the feeding trial up to d 72, when they were transported to a commercial slaughter house. There, the pigs were weighed, electrically stunned, bled, de haired, and separated into 3 body components: carcass, head plus feet and tail, and viscera. Hot carcass weights were individually recorded and used to calculate dress ing percentage for each pig. The head was removed by cutting at the atlantooccipital joint, and the feet were removed by cutting at the carpalmetacarpal and tarsalmetatarsal joints. The carcass was divided lon gitudinally. These components were chilled overnight and weighed. Midline back fat thickness measurements were made directly with a ruler at the first (P 1 ) and last (P 2 ) ribs and at the last lumbar vertebrae (P 3 ). Carcass length (Le) was measured from the proximal end of the first rib to the pubic symphysis. The left half of the cold carcass (CC; without the head, feet, and tail) was dis sected as described by Nieto et al. (2013) : The shoulder was separated from the loin and belly by a straight cut between the second and third ribs and a straight cut 2.5 cm ventral to the ventral edge of the scapula. The ham was removed from the loin by a straight cut between the second and third sacral vertebrae approximately perpendicular to the shank bones. Each cut retained its corresponding skin and subcutaneous fat. The loin was separated from the belly by a cut beginning just ventral to the ventral side of the scapula at the cranial end and followed the natural curvature of the vertebral column to the ventral edge of the psoas major at the caudal end of the loin. Each cut was weighed 24 h after slaughter. Loin and sirloin were individually weighed, sealed in plastic bags, and kept at −20°C until analysis. For this purpose, they were separately ground and homogenized. Finally, subsamples were taken for freeze-drying and subsequent analysis. Trimmed hams and shoulders were obtained by eliminating by knife part of the external fat and skin to comply with commercial requirements.
Chemical Analyses
All analyses were performed in duplicate. The following procedures were performed according to AOAC (2003) : DM content of feeds (including AK and AH) and freezedried feces and tissues (method 934.01), total ash of feeds and freezedried feces and tissues (method 942.05), and ether extract of feeds and freezedried feces (method 920.39); total N in urine was determined using the Kjeldahl procedure (method 984.13). Acid detergent fiber was determined in feeds using an ANKOM 220 Fiber Analyzer Unit (ANKOM Technology Corp., Macedon, NY) and was expressed inclusive of residual ash. Total N in feeds, freezedried feces, and tissues was determined according to the Du mas method by total combustion in TruSpec CN equip ment (Leco Corp. St. Joseph, MI). Crude protein was determined as total N × 6.25. Intramuscular fat content in freezedried samples of loin and sirloin was deter mined by extracting 2 g of tissue (in duplicate) with chloroform/methanol (2:1, vol/vol) according to Folch et al. (1957) . Fatty acids (FA) in freezedried loin and sirloin samples were extracted as described by Folch et al. (1957) , with small modifications (double extrac tion with the solvent mixture, implying 150 min in an orbital shaker at room temperature; extracted lipids dis solved in heptane). Methylation of FA was performed following the procedure of Kramer and Zhou (2001) , with slight modifications: Within each sample, 2 meth ylation procedures were used, namely, NaOH/metha nol at 50°C for 15 min, followed by HCl/methanol at 50°C for 1 h. Tricosanoic acid (C23:0; Larodan Fine Chemicals, Malmö, Sweden) was used as an internal standard. Fatty acid methyl esters (FAME) were identi fied by gas chromatography using a gas cromatograph equipped with a flame ionization detector (Focus GC, Thermo Scientific, Milan, Italy) and a capillary column (Teknokroma, phase: TR-CN100, 100 m × 0.25 mm i.d. and 0.20-µm film thickness; Teknokroma, Sant Cugat del Vallès, Spain). The temperature program was as fol lows: 70°C for 4 min, ramp of 8°C/min to 110°C, ramp of 5°C/min to 170°C, hold at 170°C for 10 min, and ramp of 4°C/min to 240°C, with a final time of 14.5 min (total time 63 min). The injector and detector were maintained at 255°C. The carrier gas (helium) flow rate was 1.2 mL/min with a split ratio of 50, and 1 μL was in jected. Whenever an analysis was made on freezedried material, DM was determined on an aliquot sample to establish the residual water content after freezedrying, and the corresponding analytical result was expressed on a DM basis. Gross energy of feeds, freezedried samples of feces and tissues, and urine was measured in an isoperibolic bomb calorimeter (Parr Instrument Co., Moline, IL). Samples of approximately 10 mL of urine were weighed and freezedried in a polyethylene sheet of known energy value, and their GE values were obtained by difference.
Calculations
Proportions of AH and AK in leftovers were esti mated from the ADF contents in the remains and the concentrations of ADF found in the analysis of AK and AH. This allows the estimation of the net amount of AK and AH consumed and, consequently, of the corresponding nutrients ingested.
The availability of nutrients from AH was assessed by a modification of the in vitro enzymatic digestion technique of Stahmann and Woldegiorgis (1975) , de vised for protein quality determination, followed by a fermentative degradation step. This second step in volves the dilution of fresh feces taken from pigs in a bicarbonate buffer (pH 7.4) at 1:5 and incubation of the feed samples in nylon bags in the liquor for 24 h at 37°C in N 2 atmosphere on a shaker. Small but sig nificant amounts of DM (73.6 g/kg DM), OM (73.6 g/ kg DM), and GE (1.47 MJ/kg DM) were found to be degraded after sample incubation with digestive en zymes and fermentation, in close agreement with pre vious observations (GarcíaValverde et al., 2007) , and a similar degradation of AH in vivo was assumed. The fraction calculated to have been digested from the AH was subtracted from the total amount of the nutrient disappearing along the total tract, and the difference was related to the corresponding amount in the AK (or AK plus SPC) consumed to obtain the TTAD of nutri ents from AK (or AK plus SPC). In contrast, complete unavailability of the total N fraction in AH was found, as observed earlier by Nieto et al. (2002) and García Valverde et al. (2007) .
Statistical Analyses
Orthogonal polynomial contrasts were used to de termine linear and quadratic effects of SPC consumed daily in replacement of acorn on growth performance, digestibility, N balance, carcass measurements, and body tissue composition using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC). The 4 dietary treat ments were included in the statistical analysis. The pig was the experimental unit for all the variables stud ied. Statistical differences among mean values were assessed using Tukey's t test, and the level of signifi cance was established at 5%. Regression equations were obtained using PROC NLIN of SAS to relate pig response in N retention to varied levels of dietary N intake. The first derivative was calculated to estimate N requirements for maximum body protein accretion.
RESULTS
Throughout the trial, all pigs showed normal be havior and readily consumed the acorn diet offered, leaving a variable proportion of hulls in the trough with small remains of kernels. Very rarely, some pigs con suming the greatest level of SPC had small amounts of SPC and mineral-vitamin refusals that were quanti tatively recovered, weighed, and analyzed for total N content to estimate SPC not consumed.
Growth Performance
As the CP (total N × 6.25) in AH was proved to be completely unavailable (Nieto et al., 2002) and an important, although variable, portion of AH was not in gested, only the CP and Lys provided by AK and SPC was taken into account to calculate the level of CP and Lys in the whole diet (Table 1 ). The incorporation of SPC raised the fraction of CP potentially available from 49.1 g/kg DM in AK to 135 g/kg DM from AK and SPC (Table 3) . Similarly, total Lys increased from 2.03 to 7.24 g/kg DM with the provision of SPC. The main data for growth performance are also shown in Table  3 . As imposed by the experimental design, ADFI for the entire experimental period was not affected by the level of inclusion of SPC in replacement of acorn, and a mean value of 2.134 ± 0.036 kg DM was achieved. Moreover, the intake of DE and ME was not influenced by the incorporation of SPC in the daily ration, so the level of feeding was kept in the narrow range of 2.46 to 2.32 × ME m (2.36 × ME m , on average), assuming for ME m our preferred value of 413 kJ·kg −1 BW 0.75 ·d −1 , 2 Diets A, B, C, and D contained, respectively, 4,600, 4,400, 4,200, and 4,000 g whole acorn; 0, 100, 200, and 300 g SPC; and 95 g vitaminmineral mixture.
3 SEM of the model, calculated as root-mean-square error (n = 16).
4 L = linear effect; Q = quadratic effect; ***P < 0.001; **P < 0.01; NS = P > 0.05 5 The acorn hull (AH) component in the diet is not accounted for as 1) most of it is not ingested and 2) the N in AH is not available.
6 Acorn from batch 1 was offered during the first 34 d of the trial.
7 ME m = 413 kJ/kg BW 0.75 (Nieto et al., 2012) .
obtained in purebred IB pigs growing from 10 to 150 kg BW (Nieto et al., 2012) . The ADG increased with the incorporation of SPC (linear, P < 0.001; quadratic, P < 0.01), with a plateau at dietary CP concentrations (provided by AK and SPC) beyond 72.2 g/kg DM, for which an average gain of 449 g/d was achieved. Simi larly, G:F (g/kg DM) improved with increasing the lev el of replacement of acorn by SPC (linear, P < 0.001; quadratic, P < 0.01), which leveled off when AK and SPC provided 100 g CP/kg DM. As a result, the energy cost of gain, i.e., the inverse of the gain:ME intake ra tio, decreased on increasing the CP content in the diet from 105 to an average value of 80.4 kJ ME/g gain when SPC was offered.
The main results for nutrient digestibility and N balance appear in Table 4 . The coefficients of TTAD of DM, OM, ether extract, and GE decreased linearly on increasing dietary CP content (P < 0.01 to 0.05) because of SPC incorporation. In contrast, the TTAD of CP improved dramatically on raising the content of SPC in the diet (linear, P < 0.001; quadratic, P < 0.05). Also, the coefficient of metabolizability of GE (ME/GE) and the ME/DE ratio decreased linearly on increasing dietary CP level (P < 0.05). As a result, the DE and ME contents of the diet showed a tendency to decline (P = 0.058) or declined linearly (P < 0.05) on raising dietary CP. As dietary CP supply to the IB pigs increased following SPC incorporation, dramatic improvements in the amount of N digested daily and retained were observed (linear, P < 0.001). However, differences in N retained between experimental diets also showed a tendency to increase quadratically (qua dratic effect, P = 0.078), so PD ranged between −4.59 g/d in pigs not provided with SPC and 61.4 g/d in pigs fed the greatest level of inclusion of SPC in the diet. There was a linear and quadratic effect of dietary CP 1 AK, acorn kernel; SPC, soybean protein concentrate; TTAD, total tract apparent digestibility.
2 Diets A, B, C, and D contained, respectively, 4,600, 4,400, 4,200, and 4,000 g whole acorn; 0, 100, 200, and 300 g SPC; and 95 g vitaminmineral mixture.
4 L = linear effect; Q = quadratic effect; ***P < 0.001; **P < 0.01; *P < 0.05; NS = P > 0.05. 5 The acorn hull (AH) component in the diet is not accounted for as 1) most of it is not ingested and 2) the N in AH is not available.
and Lys level on the efficiencies of utilization of total N (retained N/N intake; linear, P < 0.001; quadratic, P < 0.001) and N apparently absorbed (retained N/ap parent digestible N; linear, P < 0.05; quadratic, P = 0.067). The best regression equations that relate daily N retention (g) and N intake (g) or N apparently ab sorbed (g) were N retained = −10.5 ± 2.6 + 0.751 ± 0.190 × N intake − 0.0065 ± 0.0031 × (N intake) 2 (n = 16; r 2 = 0.899; RSD = 1.38; P < 0.001) [1] and N retained = −1.78 ± 0.64 + 0.904 ± 0.124 × digestible N − 0.017 ± 0.005 × (digestible N) 2 (n = 16; r 2 = 0.932; RSD = 1.13; P < 0.001).
[2]
Also, daily N retention (g) was highly related to Lys intake (g):
N retained = −7.0 ± 1.8 + 1.727 ± 0.402 × Lys intake − 0.041 ± 0.020 × (Lys intake) 2 (n = 16; r 2 = 0.898; RSD = 1.38; P < 0.001).
[3]
The lowest daily intake of N or total Lys that re sulted in maximum PD at the fixed level of energy intake observed was determined from the first deriva tive of Eq. [2]) would be obtained by feeding a mixture supplying 57.70 g total N or 26.57 g digestible N from AK and SPC provided at a fixed level of ME intake of 2.4 × ME m (ME m = 413 kJ·kg −1 BW 0.75 ·d −1 ; Nieto et al., 2012 ). An average value of 10.72 g/d for N retention (PD = 67 [10.72 × 6.25] g/d) has been accepted. It would require a daily supply of 49.2 g total N, which could be provided by the intake of 318 g SPC as a sup plement to whole acorn, with the expectation of an ob served mean value of 2.134 ± 0.036 kg DM for ADFI of the mixture. From Eq. [3] this peak in N retention (11.12 g/d) at the feeding level observed in confined pigs would require daily provision of 21.0 g total Lys.
The effects of supplying acorn and SPC to heavy IB pigs on carcass characteristics and main carcass cuts are shown in Table 5 . Hot carcass and CC weights increased when feeding the daily ration containing 100 g SPC and leveled off thereafter (linear, P < 0.01; qua dratic, P < 0.01). An average increase of 8.3% and 8.7% in HCW and CC weight, respectively, was achieved when SPC was offered. However, differences in yield as a percentage of the slaughter weight were not sig nificant. The provision of SPC had no significant ef fect on carcass length and back fat thickness at first rib, last rib, and last lumbar vertebrae. The weight of the lean carcass components measured increased (sirloin: linear, P < 0.05; loin: linear, P < 0.001; quadratic, P < 0.05; ham: linear, P < 0.05) or showed a tendency to increase (butt lean: linear, P = 0.068; quadratic, 0.077; ribs: quadratic, P = 0.067; shoulder: quadratic, 0.064) with the provision of dietary protein. However, except for loin (linear, P < 0.001; quadratic, P = 0.089), the yield of primal cuts remained unaffected by the incor poration of SPC in the diet. Tables 6 and 7 show the main results of the chemi cal composition of loin and sirloin of the heavy IB pigs fed whole acorn supplemented with SPC for 72 d. No significant effects of the level of incorporation of SPC in the diet on CP, intramuscular fat, total ash, and energy contents and on relative FA profile were ob served. Notably, following the level of SPC supply, a small increase in the relative proportion of lauric acid (C12:0; quadratic, P < 0.05) in loin and in CP content (linear, P < 0.05) and relative proportions of behenic (C22:0; quadratic, P < 0.05) and docosahexaenoic ac ids (C22:6 n3; linear, P < 0.05) in sirloin was found.
DISCUSSION
Genetic differences in pig performance are well documented (Gu et al., 1992; Fuller et al., 1995; de Lange et al., 2003) and preclude the use of general equations to estimate nutrient requirements for spe cific type of pigs (British Society of Animal Science, 2003; NRC, 2012) . The IB is a slowgrowing, obese breed of pigs. Its pattern of growth shows a low po tential for lean tissue deposition (Nieto et al., 2012 (Nieto et al., , 2013 . The production of drycured meat products is the main goal of the IB pig industry. To achieve high quality standards in their products, a final fattening freerange stage based on acorn (Quercus spp.) and pasture and slaughtering at heavy weights are required as means to obtain great intramuscular fat contents. In a classical production system, farrowing is sched uled at 3month intervals with 2 reproductive cycles per sow and year. The weaned pig is fed at a growth rate that must allow a finishing period at the Mediter ranean ecosystem at 92 to 115 kg BW so that the pig can attain at least 46 kg of total BW gain in a mini mum of 60 d (RD 4/2014, Ministerio de Agricultura, Alimentación y Medio Ambiente, 2014). Slaughter takes place at a minimum age of 14 mo. A very low protein-to-energy ratio (1.63 to 1.80 g true digestible protein/MJ ME; Nieto et al., 2002; GarcíaValverde et al., 2007) , which is somewhat increased when herbage is available (GarcíaValverde et al., 2007) , character izes this regime. The N balance of heavy IB pigs fed at maintenance level or moderately above it (ME intake, 391 to 742 kJ·kg −1 BW 0.75 ·d −1 ) increased from −1.60 to 3.70 g/d when freshly cut herbage was supplied as complementary feed to acorns (GarcíaValverde et al., 2007) . Following the comparative slaughter ap proach, García-Valverde et al. (2008) observed that PD reached 80 g/d in heavy IB pigs fed ad libitum a feed mixture containing 4.82 g digestible ideal protein/MJ ME. In the design of the experiment, it was assumed that this proteintoenergy ratio, which has been found to be adequate in purebred IB pigs growing from 50 to 100 kg BW to achieve PD max (Barea et al., 2007) , also provided a balanced ratio for heavy pigs. Theoretically, heavy pigs are expected to have a comparatively lower potential for protein accretion than their younger coun terparts. With this background, the present experi ments were done with the main objective of examining the pattern of change in protein utilization and to de termine the optimal protein/Lys supply per unit of en ergy in the diet of heavy IB pigs fed on acorns. It was intended to resemble practical feeding managements at this stage of growth in the confined animal. Several levels of a proteinrich ingredient were assayed. The change in the daily rate of wholebody protein accre tion, measured by the N balance approach, in response to increases in dietary protein content was the criterion used to determine the amount of protein daily accreted in the body. The effects of adding SPC to acorns on the rate of growth and carcass traits were measured in the feeding experiment performed, followed by slaughter and primal cut evaluation.
In discussing the present results 2 points should be considered: 1) according to NRC (2012) , all ex perimental diets were deficient in Lys. Relative to Lys, other essential AA were well in excess, except for Thr; 2) energy intake was considerably below (0.57 to 0.58 × ad libitum) the voluntary intake of the free-ranging heavy IB pig, calculated either from the average data for acorn and herbage intake (g DM/d) reported by RodríguezEstévez et al. (2009) or from our own re gression equation derived from IB pigs growing from 10 to 150 kg BW fed ad libitum balanced or subopti mal proteintoenergy diets (Nieto et al., 2012) . These aspects are important to take into account because, like in other pig genotypes, growth rate and PD can be described as proteindependent processes below an Values in the same row with different superscript letters differ significantly (P < 0.05).
1 Diets A, B, C, and D contained, respectively, 4,600, 4,400, 4,200, and 4,000 g whole acorn; 0, 100, 200, and 300 g soybean protein concentrate; and 95 g vitaminmineral mixture.
2 SEM of the model, calculated as root-mean-square error (n = 16).
3 L = linear effect; Q = quadratic effect; ***P < 0.001; **P < 0.01; *P < 0.05; NS = P > 0.05. 4 Including head, feet, and tail.
5 Without head, feet, and tail.
optimal protein (Lys) supply per unit of energy. When there is no limitation by other nutrients or the growth potential, the linear relationship observed has a limit beyond which PD depends largely on energy supply (Black et al., 1986; Campbell et al., 1984 Campbell et al., , 1985 Kyri azakis and Emmans, 1992) . Although the protein re quirements of growing and fattening purebred IB pigs are considerably lower than those reported for con ventional lean pigs at similar stages of growth (Nieto et al., 2002; Barea et al., 2007; CondeAguilera et al., 2011) , the utilization of dietary protein seems to adjust to these principles. In the present study, the observed pattern of change of growth rate, judged by ADG, de picts a plateau beyond 3.85 g total Lys/kg DM in the diet, in spite of the linear increase in the intake of total N and Lys. Also, a constant efficiency in the utilization of dietary N was found beyond this dietary Lys con tent. However, PD, estimated by the amount of N re tained at each level of dietary protein supplied, was es sentially linearly related to total Lys content in the diet (linear, P < 0.001; quadratic, P = 0.078 to 0.083). This picture indicates that the energy intake was slightly below the level needed to support the maximal pro tein synthesis and accretion, given the low potential 1 Diets A, B, C, and D contained, respectively, 4, 600, 4, 400, 4, 200, and 4 ,000 g whole acorn; 0, 100, 200, and 300 g soybean protein concentrate; and 95 g vitaminmineral mixture.
for lean tissue deposition of the IB pig, particularly at the finishing stage of growth. In line with the pres ent observations, in the study of GarcíaValverde et al. (2008) the rate of whole-body PD, measured either with the N balance technique or with the comparative slaughter approach, was not significantly altered by increasing ME intake from 0.7 to 0.95 × ad libitum, although an average numerical increase of 0.7 g in the protein accreted per megajoule increase in ME intake can be calculated. The values obtained in the present study for maximum protein accretion underestimate PD max , as the pigs were restrictedly fed (close to 0.6 × ad libitum intake). In the IB pig growing from 10 to 150 kg BW under optimal protein-to-energy dietary treatments a linearplateau relationship exists between PD and BW, with a breaking point at about 32.5 kg BW (Nieto et al., 2012) . Beyond this breaking point PD max remains at an average rate of 75 g/d. From the 1 Diets A, B, C, and D contained, respectively, 4,600, 4,400, 4,200, and 4,000 g whole acorn; 0, 100, 200, and 300 g soybean protein concentrate; and 95 g vitaminmineral mixture.
present observations it is estimated that wholebody PD in the confined heavy IB pig would reach a peak (67 g/d [10.72 g total N × 6.25]) with the provision of 17.7 g/d total Lys, requiring feeding a diet containing 0.5 g total Lys/MJ ME (1.36 g total N or 0.63 g digest ible N/MJ ME can also be calculated). Although there was close agreement between estimations based on to tal Lys, total N, and digestible N intake, comparisons with values derived from comparative slaughter trials must be taken with care because of the bias inherent in each specific experimental approach. The N balance procedure tends to overestimate protein accretion. In the experiments performed in heavy IB barrows to investigate the effects of feeding level on the rates of growth and protein and fat deposition, an average overestimation of 5.7% was observed when N balance values were compared with those derived from the slaughter technique (García-Valverde et al., 2008) . Body weight at slaughter and HCW and CC weights increased following the pattern of changes observed for growth rate on increasing the supply of SPC. However, the proportional weight of the carcass remained unchanged. Interestingly, the weight of the primal cuts increased significantly (sirloin, 33%; loin, 49%; ham, 10% increase, on average) or showed a ten dency to increase (shoulder, 10%) with SPC supple mentation. In fact, most of the increase in CC weight is explained by the increases observed in the size of primal cuts. Fat tissues remained unchanged. The eco nomic impact of such an effect is very relevant. Earlier findings by Aparicio-Macarro (1992) related to the ef fect of supplying a protein concentrate as a supple ment to acorn for freeranging pigs are in close agree ment with the present observations: increased growth rate and weight of leaner cuts of the carcass without altering carcass yield. In contrast to our results, a loss of adipose tissues (back fat, kidney fat, and belly) is reported. This positive effect of dietary protein supply on leaner carcass components was not an unexpected issue, taking into account the low concentration of ap parent digestible protein in AK (3.76 [44.8 × 0 .084] g/kg DM) and its poor biological quality, as found in earlier studies (Nieto et al., 2002; GarcíaValverde et al., 2007) , where average values of 27.9 to 30.8 g true digestible protein per kilogram of DM in the kernel of the holm oak acorn were encountered. Lysine was found to be the first limiting AA, providing only 25.8 g of available Lys per kilogram of acorn protein (Nieto et al., 2002) . In the present study, a net loss of amino acid N, equivalent to 4.59 g body protein (0.735 g to tal N × 6.25), was observed in heavy IB pigs exclu sively fed acorns, in line with previous observations by GarcíaValverde et al. (2007) , who obtained net N losses of 0.84 g/d (5.25 g body protein) in heavy IB pigs fed acorns, although at a comparatively lower level of feeding (1.84 × ME m ). This explains the clear response in protein accretion and growth of lean tis sues observed in the heavy IB pigs given SPC, despite of its low potential for lean tissue deposition. No less important is the fact that the chemical composition of primal cuts, judged by the chemical analysis of loin and sirloin, was essentially not altered by incorporat ing SPC into the basal acorn diet. One would expect slight increases in tissue protein content in parallel with small decreases in total fat and no changes in the pattern of relative FA concentration. This is of ut most importance because the provision of supplemen tary feed must not alter the characteristic FA profile of freeranging heavy IB pigs to prevent losses in the quality of the derived dry-cured meat products. A high intramuscular fat content extends the curing process, slowing down moisture loss to get tender and juicy drycured products (García et al., 1991) . The high concentration of oleic acid (>65 g/100 g total FA) and moderate concentration of linoleic (15 to 16 g/100 g total FA) and saturated FA (~18 g/100 g total FA) in acorn fat (Cava et al., 1997; Rey et al., 1997) results in a FA profile of the adipose tissue and intramuscular fat that departs from those of conventional or modern pig genotypes by the high concentration of oleic acid (~50 g/100 g total FA) and rather low concentrations of linoleic (~8 g/100 g total FA) and palmitic (~24 g/100 g total FA) acids (Cava et al., 1997) . During the curing process of IB pig meat, volatile compounds are formed from FA, which are responsible for the senso rial quality, particularly flavor, of the dry-cured prod ucts (García et al., 1991) .
The incorporation of high-quality protein in an acorn diet improves body PD in heavy IB pigs and increases the weight of the most valuable carcass com ponents. Although under confined conditions the limit observed in the level of energy intake might underesti mate the magnitude of this outcome, the economic im plications of this effect under openrange conditions might be very high, provided no change is produced in the nutrient composition of body tissues, particularly in the intramuscular fat content and FA profile. Further research is needed to study the influence of incorporat ing protein of high biological value in the acorn diet on the sensorial properties of meat and meat products, particularly drycured meat products.
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